SUPPLEMENTARY MATERIALS DSF-nanoparticles: evaluation of process and formulation variables
One of the most successful and reproducible methods used for NP preparation of hydrophobic drugs is the single emulsion solvent evaporation technique [1] . We improved the formulation by altering the process and formulation variables and used particle size below 100 nm, PDI below 0.1 and more than 90% encapsulation efficiency as end points. The process variables such as homogenization (speed and time), evaporation time and centrifugation (speed and time) were considered. We observed 8 h of stirring was enough to facilitate the complete evaporation of solvent and centrifuging the formulations for 30 mins with 18,000 rpm yielded a uniform formulation. Homogenization resulted in homogenous particles with a low particle diameter in the case of solvents such as DCM and ethyl acetate though, we did not notice much difference in the case of acetone (data not shown). Later, we further improved our formulation by changing the variables such as solvent type, drug/ polymer ratio, organic/aqueous phase ratio, surfactant, and polymer molecular weight.
Influence of type of solvent
We chose a range of water miscible [ Table 2) . From all the solvents that we examined, we chose acetone, ACN, THF, DCM, and EA for further optimization and Supplementary Figure  1B represent the size distribution curves the formulations made with these solvents.
Influence of organic/aqueous phase ratio
The particle size decreased with increase in the dispersion phase composition. We examined 1:5, 1:10, 1:15 and 1:20 ratios of organic/ aqueous ratio with acetone, ACN, and DCM as organic phase. As shown in the Supplementary Figure 2A (a-c) we observed a clear decrease in particle size at 1:10 organic/ aqueous phase ratio compared to rest of the formulations. The % EE ranged from 68 to 92% with all three organic solvents at 1:10 proportion of organic to aqueous phase and we did not observe much change in encapsulation efficiency from 1:10 to 1:20 ratios. These findings can be explained on the basis of change in viscosity of emulsion associated with change in the proportion of organic and aqueous phases as viscosity plays a key role in imposing resistance to shear force during the formation of nanoparticles [2] and further increase in aqueous phase might have dissolved a significant amount of drug in it causing drug loss [3] leading to non-homogeneous formulation as observed with increase in PDI and particles being in two different populations causing an overall increase in particle size. To sum it up, we opted to continue further evaluations with organic/ aqueous phase ratio of 1:10.
Effect of drug/polymer ratio
We chose formulation 1 to evaluate the effect of increasing polymer composition compared to drug revealed that increase in drug to polymer ratio has positive impact on the quality attributes in question. We observed decrease in z-average size from 385 nm to 85 nm and PDI from 0.42 to 0.18 with an increase in %EE from 80 to 96 (Supplementary Figure 2B) , probably for the reason that increased polymer increases the viscosity in aqueous phase and thereby stabilizes the nanoparticles and prevents the outflow of drug which ultimately produces compact nanoparticles with a better entrapment [4] . Much increase in viscosity as observed in same formulation with surfactants such as polyvinyl alcohol (PVA) and Pluronic ® F68 resulted in larger particle size with an improved entrapment though. The reason could be that much increase viscosity hinders effective diffusion of organic phase and may impose resistance to shear force leading to larger size of nanoparticles [2, 5] .
Influence of surfactants
The effect of presence of surfactant and its concentration on particle size and PDI is studied using tween 80, poloxamer 188 (Pluronic ® F68), polyvinyl alcohol (PVA) and poloxamer 407 (Pluronic ® F127) in formulation 1. The z-average size of the nanoparticles increased with the increasing concentration of tween 80, Pluronic F68 and PVA where as we observed decrease in size with Pluronic ® F127 across 0.5 to 2 %w/v but it was still above 100 nm and the PDI values were irregular, so we decided not to use any surfactant in our final formulation (Supplementary Figure 2C (a-d) ). But with rest of the solvents we examined the effect of presence of Pluronic ® F68 in coming studies.
Influence of solvent vs surfactant vs polymer molecular weight
Supplementary Figure 3 reveals results of further optimization of DSFNP formulation, where three variables, polymer molecular weight, solvent type, and surfactant with particle size, PDI and %EE as the end points. The results are also summarized in Supplementary Table 2 . Increase in polymer molecular weight was associated with an increase in chain length. Use of Pluronic ® F68 helped to get a uniform formulation with relatively less particle size in the formulations made from EA. Whereas, the particle size increased with its use in formulations made from acetone or acetonitrile irrespective of the polymer molecular weight. Moreover, the particle size and %EE of the formulation made with acetone without surfactant was much better compared to rest of the solvents. Regarding the influence of polymer molecular weight or polymer chain length, with a constant mPEG (3 kDa) chain length, we found the particle size to increase with increase in chain length of PLGA (7.5, 19 , and 30 kDa), which can be attributed to the increase in the viscosity of organic phase and increase in the size of PEG brush. We did not observe much increase in the particle size with increase in PEG from 3 to 5 kDa, though it resulted with significantly higher %EE. Altogether, among the five polymers tested, we observed a lower particle size, PDI and higher %EE in the formulation made with mPEG (5 kDa): PLGA (45 kDa) using acetone as organic phase without surfactant (Supplementary Table 2 ). Our choice of the polymer is further strengthened by the literature, higher PLA/PEG ratio forms more solid like nanosphere structure [6] ; higher PLA though results in higher core radius, though it affects the conformation of PEG chains in the shell leading to decreased PEG chain grafting density, which further makes the core more radially homogenous [7] ; the lower PEG content leads to lower stability of formulation for its possible incomplete coverage, which further may exhibit higher aggregation during storage [8] ; PEG 5 kDa or higher MW is usually suggested as distance between two PEG molecules should be less than 1.4 nm in order to avoid opsonization of NPs by reticuloendothelial cells [9] ; long chains of PEG are recommended to limit the protein adsorption [10] .
To summarize, we enhanced the formulation characteristics in terms of the particle size, loading and encapsulation efficiencies by adjusting the method variables like solvent, polymer, their composition, and the procedures involved. Among the different formulations, we tried, the formulation 1, having optimum parameters, was further characterized. The final recipe of our formulation is, DSF and polymer in 1:10 are dissolved in 1 mL of acetone followed by addition of distilled water slowly drop by drop with continuous stirring for 8 h. Then the resultant formulation was washed thrice and was centrifuged. Further the pellet was re-dispersed in distilled water. Water and was freeze dried to obtain the powdered nanoparticles which were further characterized and used for in vitro and in vivo experiments.
